Error patterns in vocabulary learning data were used as a window into the mechanisms that underlie vocabulary learning performance in bilinguals vs. monolinguals. English-Spanish bilinguals (n = 18) and Englishspeaking monolinguals (n = 18) were taught novel vocabulary items in association with English translations. At testing, participants produced English translations for the newly learned words. Findings revealed broad learning advantages in the bilingual data. Moreover, bilinguals made proportionately more deep (within-category) semantic errors than monolinguals when tested immediately after learning. We interpret these data to suggest that bilingual learners may encode the information associated with the novel words to a deeper semantic level than monolinguals.
A number of studies have suggested that experience with learning a second language may facilitate the ability to acquire new linguistic information (e.g. Bartolotti et al. 2011; Kaushanskaya 2012; Kaushanskaya and Marian 2009a) and as a result, bilingual individuals tend to outperform monolingual individuals on vocabulary learning tasks (e.g. Kaushanskaya 2012; Kaushanskaya and Marian 2009a; Papagno and Vallar 1995; Van Hell and Mahn 1997) . However, although the bilingual advantages on vocabulary learning tasks have been found, the mechanisms that underlie these advantages remain elusive.
In previous work, two possibilities for the mechanisms that may underlie the bilingual advantages for vocabulary learning have been consideredphonological memory capacity and inhibitory control. Although phonological memory capacity does not appear to be at the root of the bilingual advantages for novel vocabulary learning (Kaushanskaya 2012 ; but see Papagno and Vallar 1995) , enhanced inhibitory control may contribute to the advantages observed for bilinguals on vocabulary learning tasks (Bartolotti and Marian 2012; Kaushanskaya and Marian 2009b) . However, because bilinguals outperform monolinguals not only on the vocabulary learning tasks that entail control of interference (Bartolotti and Marian 2012; Kaushanskaya and Marian 2009b) , but also on vocabulary learning tasks that do not involve processing of competing sources of information (Kaushanskaya 2012) , it is likely that mechanisms other than (or in addition to) inhibition play a role in bilingual word-learning performance. Here, we used error analyses of translation data (where learners translated newly learned vocabulary items into English) to examine the mechanisms that may underlie the effects of bilingualism on vocabulary learning. Translation-like tasks have been frequently used in previous research to delineate the structure of the bilingual lexical system (e.g. Hatzidaki and Pothos 2008; Kroll and Stewart 1994; Sunderman and Kroll 2006) and production error data have been widely utilized to pinpoint the stages in the lexical retrieval process (e.g. Caramazza 1997; Goldrick, Folk, and Rapp 2010; Rapp and Goldrick 2000; Roelofs 2007) . In this study, we used a translation task where participants translated the newly learned words into their native language in order to examine the error patterns in bilinguals' vs. monolinguals' retrieval data. We used error type as a window into the levels of the lexical-semantic system at which the translation process was derailed in bilingual vs. monolingual learners. Different patterns of errors in bilingual vs. monolingual data would indicate differences in the mechanisms that underlie the encoding and retrieval process of the novel words in bilingual vs. monolingual learners.
Translation data have been used extensively in prior literature to explore the structure of lexical representations in bilingual speakers. For example, different patterns of translation vs. picturenaming performance in bilinguals have been used as evidence for the involvement of the semantic system in second-language (L2) processing (e.g. Kroll and Stewart 1994) . Within this line of research, Hatzidaki and Pothos (2008) have demonstrated that bilinguals tended to make semantic (i.e. meaning-related) errors when translating text from the native language (L1) into the L2 and lexical (i.e. form-related) errors when translating text from the L2 into the L1. These findings were interpreted to suggest that the semantic system is more activated by the native language than by the second language during translation tasks. Similarly, Sunderman and Kroll (2006) found that less proficient L2 speakers, but not more proficient L2 speakers, experienced interference from the L1 at the level of word form during a translation-recognition task. They interpreted these findings to suggest that a less stable lexical-semantic network (as in the case of low-proficiency L2 learners) is especially vulnerable to interference at the level of lexical word form knowledge. The findings from translationtype tasks in the bilingual lexical processing literature are complemented by the findings from the analyses of error data in naming.
A number of studies have used error data to cement theories of lexical access (Caramazza 1997; Goldrick, Folk, and Rapp 2010; Rapp and Goldrick 2000; Roelofs 2007 ) and of the working memory system (Acheson and MacDonald 2009; Freedman, Martin, and Biegler 2004; Page et al. 2007) . Errors are known to be a rich source of information regarding where in the lexical retrieval process a breakdown occurs in populations with naming deficits, including aphasia (e.g. Caramazza, Papagno, and Ruml 2000; Cuetos, Aguado, and Caramazza 2000; Howard and Gatehouse 2006) , Alzheimer's disease (e.g. Balthazar, Cendes, and Damasceno 2008; Moreaud et al. 2001) , and dyslexia (e.g. Colangelo, Buchanan, and Westbury 2004) . Typically, naming errors are classified in terms of the relationship between the produced response and the target response. Formal (or lexical) errors are thought to occur at the level of the word form, and reflect confusion between words that are similar at the surface (phonological) level (e.g. Balthazar, Cendes, and Damasceno 2008; Caramazza, Papagno, and Ruml 2000) . Thus, if a participant produces the word 'cable' instead of 'table', the response would be coded as a phonological error. Conversely, semantic errors are thought to occur at the conceptual level, and reflect confusion between words that are similar in meaning (e.g. Cuetos, Aguado, and Caramazza 2000; Harley and MacAndrew 2001; Howard and Gatehouse 2006; McGregor et al. 2002) . Thus, if a participant produces the word 'chair' instead of 'table', the response would be coded as a semantic error. Although production errors have been frequently used as evidence for the structure of the lexical system, there are only a handful of studies that have examined whether differences in the cognitive and/or linguistic profiles of the participants would influence the patterns of errors observed during lexical retrieval.
In one such study (e.g. Gershkoff-Stowe 2002), older and more experienced children were compared with younger and less experienced children on the extent to which known words interfered with the children's ability to retrieve the newly learned words. The findings were that older children showed less interference when retrieving new words than younger children. That is, increased experience with word learning made children less vulnerable to the effects of lexical interference. Moreover, older children showed an increase in producing semantically related words as errors, perhaps because with experience, children develop wider semantic networks that are more robustly activated whenever a word must be retrieved. Similarly, Tokowicz, Michael, and Kroll (2004) showed that more experienced L2 speakers who had undergone a study-abroad experience made a larger number of meaning-based errors on a translation task where L1 words were translated into the L2 than less experienced L2 speakers. Crucially, this was only the case when the more experienced L2 speakers also had a larger working memory capacity. These findings indicate that higher expertise in a language coupled to a more robust cognitive system is conducive to using a word retrieval strategy where semantically related words are maintained in memory during L2 lexical processing. Together, these studies point to a possibility that increased learning experience (as in the case of bilingualism) may cause learners to encode novel words to a deeper semantic level. This was precisely the question examined in this study.
In this study, we tested whether during novel vocabulary learning bilingual learners (a) would demonstrate higher learning rates than monolingual learners and (b) would demonstrate an error pattern distinct from the one observed for monolingual learners. The bilingual individuals in this study were all native speakers of English who acquired Spanish as their second language. Word-learning advantages have been observed in classroom learners of a second language (Kaushanskaya and Rechtzigel 2012) as well as in simultaneous bilinguals (Kaushanskaya and Marian 2009a) , and therefore it was expected that bilinguals would demonstrate better word-learning performance than monolinguals in this study.
The vocabulary learning task implemented in our study entailed learning new vocabulary items in association with their English translations. Thus, testing bilinguals who were native speakers of English allowed for a meaningful comparison with monolingual speakers of English, since both groups engaged in a word-learning task where they mapped novel words onto their native-language translation equivalents. At testing, participants were required to produce English translations for the newly learned vocabulary items. Thus, our testing measure required that participants retrieved semantic information associated with the new vocabulary. Two types of errors were therefore of interest. The first error type involved confusion between two similarly sounding new vocabulary items, where a participant produced an English translation for a novel word that was phonologically similar to the target vocabulary item. We termed these types of errors surface errors. For example, if the participants translated the novel word 'tafun' (meaning morning) as sign, it was coded as a surface error because the novel word for sign was 'gafun'. The second error type involved production of an English word that was semantically related to the target translation, and was not conditioned by superficial similarity between phonologically similar novel words. We termed these types of errors deep semantic errors. For example, if the participant translated the novel word 'unef' (meaning leg) as arm, it was coded as a deep semantic error.
In line with prior work (e.g. Balthazar, Cendes, and Damasceno 2008; Caramazza, Papagno, and Ruml 2000) , we viewed surface errors as arising from the breakdown at the level of the phonological forms of the novel words. That is, in order to make a surface error, a participant would have to mismap the novel word onto a phonologically similar novel word, and the translation of the non-target, phonologically similar novel word would then interfere with the ability to retrieve the target translation. Conversely, consistent with previous studies (e.g. Cuetos, Aguado, and Caramazza 2000; Harley and MacAndrew 2001; Howard and Gatehouse 2006; McGregor et al. 2002) , we viewed deep semantic errors as arising from the breakdown at the level of the semantic network associated with the novel words. That is, in order to make a deep semantic error, a participant would have to activate the correct mapping between the novel word and its English translation, although the retrieval of the exact translation would be derailed. For instance, one possibility is that while the activation of the correct English translation had taken place, other English words that were part of the same semantic network interfered with the selection of the target word. Another possibility is that the novel word activated the broad semantic network associated with the novel word before activating the precise link between the novel word and its translation equivalent, and a semantic neighbor rather than the correct translation won out the selection race during production (because of some psycholinguistic characteristic, such as frequency or recency of use). If increased learning experience (i.e. bilingualism) yields a heightened awareness of semantic information associated with the novel words, bilingual learners would be more likely to make deep semantic errors during the translation task than monolingual learners.
Method

Participants
Eighteen bilingual speakers of English and Spanish, and 18 monolingual speakers of English participated in the study. All participants were residents of the United States, attending the University of Wisconsin-Madison at the time of the study. Because most individuals are exposed to at least some foreign language instruction in school, the demarcation between monolingual and bilingual participants was based on the degree of second-language experience. For the purposes of this study, monolingual participants were defined as those individuals who were either never exposed to a foreign language, or were only exposed to the foreign language in school; who self-rated their understanding ability in a foreign language as no higher than 2 'low' on the scale from 0 'none' to 10 'perfect'; who never spent time in a foreign-speaking country; and who were not exposed to a foreign language at all on the daily basis at the time of the study. The resulting group of monolingual participants recruited for this study was therefore quite homogeneous with regard to foreign language experience. Of the 18 participants, 6 reported absolutely no exposure to a language other than English, and the remaining 12 participants reported classroom exposure to a foreign language in high school (11 Spanish and 1 French). These 12 participants reported that their average level of understanding their second language was 1.38 (SD = .12) on the scale from 0 to 10.
Bilingual participants were native speakers of English who acquired Spanish, their second language, on average at 8.21 years of age (SD = 4.87). The age of Spanish acquisition varied widely within this group of bilingual participants, with some participants acquiring Spanish rather early in life (before three years of age) in home contexts, and some acquiring Spanish later in life, in school contexts. Age and context of Spanish language acquisition were not used as inclusionary criteria when selecting bilingual participants for this study because word-learning advantages have been observed for both simultaneous bilinguals who acquired their two languages in the home (Kaushanskaya and Marian 2009a) , and for sequential bilinguals who acquired their second language through classroom instruction (Kaushanskaya and Rechtzigel 2012; Kaushanskaya, Yoo, and Van Hecke 2013) . Instead, bilingual participants were selected on the basis of current language proficiency, consistent current daily use of Spanish, and a history of immersion in a Spanish-speaking country. Only individuals who self-reported Spanish-speaking proficiency levels of at least 6 ('more than adequate' on the scale from 0 'none' to 10 'perfect') were included in the study. Furthermore, only individuals who reported being exposed to Spanish at least 5% of the time on the daily basis and who reported having been immersed in a Spanish-speaking country for at least 3 months were included in the study. Thus, at the time of the study, bilinguals reported their proficiency in Spanish to be on average 6.86 (SD = 1.41) for speaking, 7.36 (SD = 1.55) for understanding, and 6.14 (SD = 2.48) for reading. They were on average exposed to their L2 Spanish 6.25% of the time on a daily basis (SD = 4.54), and preferred to speak it on a daily basis 19.44% of the time (SD = 20.11). When asked to rate various contributors to their acquisition of Spanish on the scale from 0 'not a contributor' to 10 'most important contributor', the participants in this study rated interactions with friends as the most significant contributor (M = 6.50, SD = 3.85), and reading as the second most significant contributor (M = 4.75, SD = 3.33). The Language Experience and Proficiency Questionnaire (Marian, Blumenfeld, and Kaushanskaya 2007 ) was used to collect these self-reported data.
Bilingual and monolingual participants did not differ in age, years of education, performance on an English receptive vocabulary measure (Peabody Picture Vocabulary Test III, PPVT-III), a measure of English reading fluency (Reading Fluency subtest of the Woodcock-Johnson Tests of Achievement-II), measures of phonological short-term memory (Digit Span and Non-word Repetition subtests of the Comprehensive Test of Phonological Processing, CTOPP), and measures of non-verbal IQ (Spatial Relations and Visual Matching subtests of the Woodcock-Johnson Tests of Cognitive Abilities-II). See Table 1 for the demographic characteristic of the two groups.
Materials
The phonological inventory used in this study was developed by Kaushanskaya and Marian (2008) to examine the effects of phonological familiarity on word learning, and was also used extensively in subsequent studies of monolingual and bilingual word learning (Kaushanskaya 2012; Kaushanskaya and Marian 2009a, 2009b) . This inventory includes eight sounds (four vowels and four consonants) that are part of the English phonological inventory. It includes vowels /ɑ/, /ɛ/, /i/, and /u/, and consonants /f/, /n/, /t/, and /g/. These 8 phonemes were used to construct 48 monosyllabic and disyllabic novel words. Novel words were recorded by a male native English speaker and paired with their English 'translations'. The novel words followed English syllabic structure (CVC, CVCV, and CVCVC) and were phonotactically probable in English (sum of phoneme frequencies = 1.14, SE = .06; sum of biphone frequencies = 1.00, SE = .003; according to Vitevitch and Luce 2004) . The English words that served as translation equivalents were selected based on the frequency of use (calculated using Francis and Kucera 1982) , with the majority of translations falling within high frequency ranges. All 48 English translations referred to concrete, imageable objects with frequent English names. This stimulus set is ideally suited to examine error patterns in word-learning performance because the phonological inventory is limited to only eight sounds, and therefore the novel words are highly phonologically confusable. Furthermore, the English translations, by virtue of referring to concrete objects, are likely to activate a wide semantic network that would engender semantic errors. Therefore, the likelihood of occurrence of surface errors and deep semantic errors would be high enough to enable the analyses of error patterns in the learning data.
None of the novel words were phonologically similar to their English translations. However, 9 of the 48 items (19%) were cognates with Spanish (see Appendix for the full stimulus list). Cognate status was not an initial consideration when designing the stimuli; however, because cognates enjoy privileged status in bilingual language processing (Costa, Caramazza, and Sebastian-Galles 2000) , it was important to examine whether elimination of these items from the analyses would change the results. All the statistical analyses were therefore conducted on a reduced set of items that did not include cognates. The results stayed exactly the same, and therefore the analyses reported below contain all 48 items.
Procedure
Word learning. Participants heard the novel word pronounced twice over headphones, and saw its written English translation on the computer screen. Each pair was presented twice during each learning phase in a random order. Participants were instructed to repeat the novel word and its English translation out loud three times. Translation testing. Participants' memory was tested using a translation task immediately after learning and after a one-week delay. Participants heard the novel word and were instructed to produce its English translation into a microphone. Participants were specifically instructed to guess the English translation even if they could not remember it, and were explicitly discouraged from making an 'I don't know' response, or from skipping an item. This procedure was instituted to maximize the number of analyzable errors in the translation data. The order of items on the translation task was randomized for each participant.
Standardized testing. Each participant was administered an array of standardized language and memory measures in a randomized order. The following measures were administered: (1) PPVT-III, a standardized test measuring receptive word knowledge in English (Dunn and Dunn 1997) indexing a participant's ability to map an auditory target word to one of the four pictures.
(2) The Digit Span and the Non-word Repetition subtests of the CTOPP (Wagner, Torgesen, and Rashotte 1999) , indexing participants' phonological short-term memory. On the Non-word Repetition subtest of the CTOPP, the stimuli consist of pseudo-words that follow English phonological and phonotactic patterns, increasing in length from one to nine syllables. 
Coding of error data
Translation data were first coded for accuracy, and proportion correct scores were obtained. All incorrect translations were further coded for two types of errorssurface errors and deep semantic errors. Surface errors were defined as errors where the produced English translation was associated with a novel word that was phonologically similar to the target. Two novel words were considered to be phonologically similar when they shared at least 60% of their phonemes (two out of three phonemes for monosyllabic novel words or three out of five phonemes for bi-syllabic novel words), three consecutive phonemes, or two initial phonemes in the first syllable for the two-syllable words. These criteria were developed by Dell et al. (1997) and used successfully to code surface errors in production data by Caramazza, Papagno, and Ruml (2000) . For example, the word 'tafun' was considered to be phonologically similar to the word 'gafun', but not to the word 'gena'. Therefore, if a learner translated 'tafun' as 'sign' rather than 'morning', it was coded as a surface error. Deep semantic errors were defined as errors where the produced English translation was a category superordinate, coordinate, subordinate, or associate to the target English translation (per Caramazza, Papagno, and Ruml 2000) . For example, when a learner produced the English word 'arm' in response to the cue 'unef'-leg, it was coded as a deep semantic error. Approximately 10% of the translation data (from two randomly selected monolinguals and two randomly selected bilinguals) were blind-coded by a second independent coder. Reliability of coding data was 100% for both surface errors and deep semantic errors.
Analyses
The data were first screened for normality using the Shapiro-Wilk test. All dependent variables, including accuracy data and error data, were normally distributed based on the Shapiro-Wilk test (p > .3). In order to examine whether a bilingual advantage for novel word learning would be demonstrated in the current sample of participants, translation accuracy data were analyzed via a 2 × 2 analysis of variance (ANOVA) with group (bilingual and monolingual) as the between-subjects variable, and session (immediate vs. delayed) as a within-subjects independent variable. Follow-up post hoc comparisons examined whether bilinguals and monolinguals differed with respect to translation accuracy both at immediate and delayed testing.
In order to examine whether bilinguals and monolinguals would demonstrate different patterns of errors during translation performance, error data were analyzed via a 2 × 2×2 ANOVA with group (bilingual and monolingual) as a between-subjects variable, and session (immediate vs. delayed) and error type (surface vs. deep) as within-subjects independent variables. For these analyses, proportion of errors (number of surface errors divided by the total number of errors and number of deep semantic errors divided by the total number of errors) served as the dependent variable. Proportions rather than raw numbers were analyzed because we expected bilinguals to make fewer errors than monolinguals, and therefore analyses of raw error data would only reveal that fact. Deriving proportion data enabled us to adjust for group differences in error rates, and allowed us to examine the error patterns across groups in a meaningful manner. Note that in all error analyses, the proportion of surface errors and deep semantic errors was calculated out of total number of errors, and thus did not add up to 100%. Errors other than the surface errors and the deep semantic errors were of little theoretical interest and therefore were not considered in the analyses. Other errors included null responses, 'I don't know'/'skip' responses, and default responses (where a participant would produce a single English translation, e.g. 'bird', for every novel word they could not retrieve).
Results
Translation accuracy analyses. A 2 × 2 mixed ANOVA with group (bilingual and monolingual) and testing session (immediate vs. delayed) as the independent variables yielded a main effect of testing session, F (1, 35) = 61.78, p < .001, η p 2 = .65, and a main effect of group F (1, 35) = 8.62, p < .01, η p 2 = .20. The interaction between group and session was not significant, F (1, 35) = .27, p = .61. Bilingual participants (M = .39, SE = .04) outperformed monolingual participants (M = .22, SE = .04), and both groups were more accurate at producing English translations for novel words at immediate testing (M = .38, SE = .03) than at delayed testing (M = .23, SE = .03). See Figure 1 for the visual representation of translation accuracy data.
Error analyses. A 2 × 2 × 2 mixed ANOVA with group (bilingual and monolingual), session (immediate and delayed), and error type (surface and deep) as the independent variables yielded a main effect of testing session, F (1, 34) = 21.88, p < .001, η p 2 = .40, a main effect of error type, F (1, 34) = 54.35, p < .001, η p 2 = .62, and a significant three-way interaction among group, testing session, and error type, F (1, 34) = 25.60, p < .01, η p 2 = .44. Collapsing across groups and error types, participants produced a larger proportion of surface and deep errors (relative to all errors) at immediate (M = .14, SE = .02) than at delayed testing (M = .08, SE = .01). Collapsing across groups and sessions, participants produced a larger proportion of surface errors (M = .17, SE = .02) than deep semantic errors (M = .05, SE = .01). In order to identify the locus of the three-way interaction, two types of analyses Figure 1 . Translation accuracy data on the translation task at immediate testing and at delayed testing in bilinguals vs. monolinguals.
were conducted. First, error patterns were examined within each group separately. Second, error patterns were compared across the two groups.
When monolinguals were considered separately, a number of notable error patterns were observed (Figure 2a ). Participants produced a larger proportion of surface errors immediately after learning (M = .24, SE = .03) than after a one-week delay (M = .07, SE = .01), paired-samples t (17) = 5.98, p < .001, whereas the reverse was the case for deep semantic errors. Monolingual learners produced a larger proportion of deep semantic errors after a one-week delay (M = .07, SE = .02) than immediately after learning (M = .02, SE = .01), t (17) = 2.78, p < .05. Furthermore, monolinguals produced a larger proportion of surface errors than deep semantic errors immediately after learning, t (17) = 9.87, p < .001. However, the proportions of surface errors and deep semantic errors were comparable at delayed testing, t (17) = .03, p = .97.
When bilinguals were considered separately (Figure 2b) , surface errors patterned similarly to those observed for monolinguals. That is, just like monolinguals, bilinguals produced a larger proportion of surface errors immediately after learning (M = .26, SE = .06) than after a one-week delay (M = .10, SE = .02), paired-samples t (17) = 2.74, p < .05. Moreover, similar to monolinguals, bilingual learners produced a larger proportion of surface errors than deep semantic errors immediately after learning, t (17) = 4.02, p < .01, but the proportions of surface and deep semantic errors were comparable at delayed testing, t (17) = 1.01, p = .33. However, unlike monolinguals, bilinguals produced a similar proportion of deep semantic errors immediately after learning (M = .04, SE = .01) and after a one-week delay (M = .07, SE = .02), t (17) = 1.59, p = .13.
The second set of follow-up analyses was used to contrast bilingual and monolingual error patterns. These analyses revealed that bilingual learners produced a larger proportion of deep semantic errors than monolingual learners at immediate testing, independent-samples t (35) = 1.93, p < .05. All other comparisons revealed comparable error patterns in the bilingual and monolingual learners, p > .7. 
Discussion
Previous studies have shown that bilinguals tend to outperform monolinguals on vocabulary learning tasks (e.g. Kaushanskaya 2012; Kaushanskaya and Marian 2009a; Papagno and Vallar 1995; Van Hell and Mahn 1997) . However, absolute differences between bilinguals and monolinguals on a single learning task are largely uninformative with regard to the mechanisms that may underlie these bilingual advantages. Why are bilinguals better than monolinguals at learning new vocabulary? Here, we used an error analysis to examine the possibility that bilinguals may be able to encode the newly learned vocabulary items to a deeper semantic level than monolinguals. We predicted that if this was indeed the case, then bilinguals would make more deep semantic errors than monolinguals, proportionately speaking. Our findings broadly support this hypothesis. We found that bilinguals produced fewer errors overall on the retention task, confirming bilingual advantages for vocabulary learning. Notably, we also found that when errors were analyzed in a way that corrected for the absolute differences in number-of-errors data between bilinguals and monolinguals, distinct error patterns were observed in bilingual vs. monolingual learners, suggesting that vocabulary learning may rely on somewhat distinct mechanisms in learners with different language-learning experiences.
The finding that bilingual participants in this study outperformed monolingual participants on the vocabulary learning task is broadly in line with prior studies suggesting bilingual word-learning advantages (Kaushanskaya 2012; Kaushanskaya and Marian 2009a, 2009b; Papagno and Vallar 1995; Van Hell and Mahn 1997) . Notably, we found that beyond broad differences in word-learning performance between bilinguals and monolinguals, the two groups differed in their error patterns. The two error types that were considered were surface errors and deep semantic errors. Although monolingual learners made more deep semantic errors at delayed testing than immediately after learning, bilingual learners made the same proportion of deep semantic errors at delayed and at immediate testing. Moreover, bilinguals made proportionally more deep semantic errors than monolinguals immediately after learning. Crucially, a week after learning took place, both monolinguals and bilinguals demonstrated similar proportions of deep and surface errors, and did not differ from each other. Given the nature of the vocabulary retention measure, where participants translated newly learned vocabulary items into English, both surface errors and deep semantic errors reflected a breakdown in the process of retrieving the meanings for the newly learned vocabulary items. However, the level at which this breakdown originated differed for the two error types.
The surface errors occurred because the target novel word was confused for a different novel word that was phonologically similar to it. In this sense, the surface errors in this study were similar to phonological errors identified by prior studies where instead of the target word, a phonologically similar non-target word was produced (e.g. Balthazar, Cendes, and Damasceno 2008; Caramazza, Papagno, and Ruml 2000) . Conversely, the deep semantic errors occurred because, although the target novel word was mapped to the correct semantic space, its exact translation was not retrieved. It is difficult to precisely identify the cause behind such semantic mis-mappings. For instance, it may be that a semantic neighbor of the target English word enjoyed higher levels of activation (for whatever reason), and thus won out in the race for lexical selection during testing. Whatever the explanation, for the deep semantic error to occur, the novel word necessarily must have been mapped either onto its correct English translation, or on the correct semantic space that the English translation occupied. In this sense, the deep semantic errors in this study were similar to semantic errors identified by prior studies where instead of the target word, a semantically related non-target word was produced (e.g. Cuetos, Aguado, and Caramazza 2000; Harley and MacAndrew 2001; Howard and Gatehouse 2006; McGregor et al. 2002) .
The finding that both monolingual and bilingual participants made more surface errors than deep semantic errors immediately after learning indicates that for all learners at this initial stage of the learning process, retrieval was most derailed at the level where new vocabulary items were mapped onto their phonological forms. However, bilingual learners made proportionately more deep semantic errors than monolinguals at immediate testing. Given the pathway required to make a deep semantic error, this finding suggests that bilingual participants in this study must have necessarily mapped the novel vocabulary items to their correct semantic spaces more successfully than monolinguals. That is, bilingual participants in this study may have been more effective at capitalizing on the links within their native-language lexical-semantic system than monolinguals. Having successfully mapped the novel vocabulary items to their appropriate semantic spaces however, bilingual participants experienced interference in the retrieval process, and this interference must have arisen at the semantic, rather than the phonological level. These findings may be interpreted to indicate that bilingual participants were able to encode novel vocabulary items deeper (i.e. to the semantic level) than monolinguals immediately upon learning.
The conclusion that bilingual learners may encode linguistic information to a deeper semantic level than monolingual learners is logical in light of previous studies indicating that more experienced learners, that is, older children (e.g. Gershkoff-Stowe 2002) and expert L2 speakers (Tokowicz, Michael, and Kroll 2004) , tend to retrieve and organize lexical information along semantic similarities. Interestingly, in the Tokowicz, Michael, and Kroll (2004) study, experienced L2 speakers made a larger number of meaning-based errors than inexperienced L2 speakers only when the experienced speakers also had better cognitive abilities (i.e. larger working memory capacity). Previous work has suggested that bilinguals may have a larger working memory capacity than monolinguals (Kaushanskaya 2012; Kroll et al. 2002; Yoo and Kaushanskaya 2012) , although the findings are by no means conclusive (e.g. Fernandes et al. 2007; Kaushanskaya, Blumenfeld, and Marian 2011) . In this study, bilinguals and monolinguals were matched on their cognitive characteristics, including verbal memory measures and non-verbal intelligence. Yet, because only short-term memory skills (rather than working memory skills) were tested in this study, a possibility remains that the differences in error patterns observed for bilingual and monolingual participants at immediate testing are a reflection of between-group differences in working memory rather than the amount of learning experience. However, since word-learning performance is generally thought to rely on short-term memory, especially memory for sequential information (e.g. Gupta 2003; Majerus, Poncelat, Elsen, et al. 2006; Majerus, Poncelat, Greffe, et al. 2006) , and since in this study bilinguals and monolinguals were matched on their digit-span performancea measure of short-term serial-order recallit is likely that the distinct error patterns observed for the bilinguals and the monolinguals are a result of differences in language-learning experience rather than memory capacity between the two groups.
Theories of bilingual lexical processing such as the Revised Hierarchical Model (e.g. Kroll et al. 2010 ) provide a useful framework for explaining why bilingual participants may be more prone to deep semantic errors when translating novel words into the native language than monolinguals. There is general evidence to indicate that as bilinguals gain proficiency in their L2, lexical access in the L2 becomes more semantically mediated (e.g. Kroll and Stewart 1994; Sunderman and Kroll 2006) . It is possible that the experience of acquiring a second language generally shapes the lexical-semantic system to become more efficient at establishing a link between new lexical information (e.g. new phonological word forms) and the semantic level (e.g. the English translation and its surrounding semantic network). As a result, bilingual learners acquiring new words would be more likely than monolingual learners to form the correct link between the new vocabulary items and their English translations. The resulting outcome would then be a general bilingual advantage on the translation task, and a larger proportion of deep semantic errors produced by the bilingual learners when incorrect translations are retrieved.
A related, but separable factor that may be at the root of the bilingual/monolingual differences in vocabulary-learning abilities and translation-error patterns is the fact that many words are not exact translations across languagesa phenomenon labeled 'translation ambiguity'. Translation ambiguity poses processing challenges (Degani and Tokowicz 2010a) , as well as learning challenges (Degani and Tokowicz 2010b; Degani, Tseng, and Tokowicz 2014) . For instance, Degani and Tokowicz (2010b) have demonstrated that novice adult language learners struggled when learning translation-ambiguous Dutch words compared to translation-unambiguous Dutch words. It was especially difficult for the learners to learn two different but synonymous Dutch words that mapped onto a single English word (form-ambiguous items), although they also struggled to learn two different Dutch words that mapped to two different meanings of a single English word (homophones or meaning-ambiguous items). In the present stimulus set, many English translations were ambiguous in relation to Spanish, and both form ambiguity and meaning ambiguity were present. For instance, the English word 'leg' has a number of different Spanish translations that convey the different senses and contexts of use that are all semantically related. Conversely, the English word 'rose' is a homophone with two different meanings (one related to the noun meaning 'flower' and one related to the verb meaning 'ascended'), and thus has two different Spanish translations that are entirely semantically unrelated.
Translation ambiguity is common across languages (Degani and Tokowicz 2010b) and its abundant presence in our stimulus list may have served to influence bilinguals' vocabulary learning performance. Interestingly, an intuitive prediction regarding the effect of translation ambiguity on our results is that bilinguals should have had more difficulty learning the novel vocabulary items than monolinguals. That is, because translation-ambiguous items pose a learning challenge, and because many English translations in this study were translation-ambiguous, bilinguals should have had more difficulty mapping novel word forms onto them than monolinguals. Yet, we observed the exact opposite resultbilinguals overall had an easier time with the vocabulary learning task than monolinguals. It is difficult therefore to interpret our findings as reflecting ambiguity influences, although one possibility could be that increased prior encounters with ambiguity facilitate one's ability to accommodate to ambiguity during a novel vocabulary learning task. That is, because bilinguals but not monolinguals have encountered cross-linguistic ambiguity as well as within-language ambiguity in two languages, they may have been better able to map novel labels onto their English translations (at least when these were meaning-ambiguous) than monolinguals, thus driving the overall group differences. This may also explain why bilinguals were more likely than monolinguals to make proportionately more deep semantic errors than monolinguals at immediate testingtheir semantic spaces for the English translations (at least for the ambiguous items) would be wider than those of the monolinguals.
We would pose two caveats to this interpretation of the results. First, although this reasoning may explain why bilinguals would outperform monolinguals when learning novel words that map onto English homophones, it would not explain why bilinguals would outperform monolinguals on other novel words, and especially those that are form-ambiguous across their two languages (which constitute the majority of our stimulus set). Second, across the two groups, the same, English-specific coding criteria were applied when coding errors. That is, when coding deep semantic errors, we only took into account the dominant meanings of the English homophones (i.e. the meaning of flower but not of ascended for 'rose'), and we only took into account the English and not the Spanish lexical-semantic networks, when coding for deep semantic errors. This should have minimized any effects of ambiguity on error results. Unfortunately, the small number of ambiguous vs. unambiguous items and an inability to equate these items on psycholinguistic characteristics prevent any empirical analyses that would test the effect of ambiguity on vocabulary learning performance in this study. It is however the natural next step in this line of research, and it is imperative that the role of translation ambiguity in bilinguals' vocabulary learning performance be examined.
Interestingly, differences in error patterns between bilinguals and monolinguals were observed only at immediate testing, but not at delayed testing. That is, at delayed testing, both the bilingual and the monolingual learners demonstrated a comparable proportion of deep semantic errors to surface errors, and no differences between groups in the proportion of deep semantic errors produced were found. These differences in error patterns at immediate vs. delayed testing are due to the fact that while monolingual participants produced a larger proportion of deep semantic errors at delayed than at immediate testing, bilingual participants produced the same proportion of deep semantic errors at delayed and at immediate testing. The increase in the proportion of deep semantic errors produced by monolingual learners after a week-long delay may reflect semantic consolidation processes that have taken place in the lexical-semantic system.
Previous studies have shown that learners require time to consolidate newly acquired novel words into the existing lexical system (e.g. Clay et al. 2007; Dumay and Gaskell 2007; Magnuson et al. 2003; Tamminen and Gaskell 2008) . For example, in auditory learning, Gaskell and Dumay (2003) found that exposure to novel word forms (e.g. cathedruke) changed the speed with which learners responded to related known lexical items (e.g. cathedral), but only after a week-long consolidation period (i.e. competition effects were not obtained immediately after learning). Similarly, for orthographic learning, Clay et al. (2007) found that newly learned novel words interfered with native-language picture naming (in the Picture-Word Interference task) one week after the initial learning had taken place, but not immediately after learning. Therefore, new words require time to be integrated into the existing lexical-semantic system, and to begin to compete for selection with previously known lexical items (e.g. Bowers, Davis, and Hanley 2005; Davis et al. 2008; Tamminen and Gaskell 2008) . In this study, the increase in the proportion of deep semantic errors made by monolingual speakers from immediate to delayed testing may be interpreted to suggest that it took time for the consolidation of the novel words into the native-language semantic system to occur. By the same token, the finding that bilingual speakers had a larger proportion of deep semantic errors than monolingual at immediate testing suggests that integration of novel words into the native-language semantic system occurred earlier in bilinguals than in monolinguals. It is important to not over-interpret these data, since shifts in error patterns with time are only indirectly indicative of consolidation processes. Furthermore, while prior studies of lexical consolidation have tested the degree to which novel words interact with the established lexical representations, in this study we inferred that consolidation may have contributed to our results based on the degree to which the known words interfered with the retrieval of the novel words' translations. Therefore, future studies would need to use tasks similar to the ones used by Gaskell and colleagues (e.g. Dumay and Gaskell 2007; Tamminen and Gaskell 2008) to examine the consolidation of novel words in the lexical-semantic system of bilingual vs. monolingual learners directly.
Finally, in interpreting the findings related to the error data in this study, one of the main challenges is the entangled nature of bilingualism and learning outcomes. That is, it may be that better word-learners (independent of language background) are more sensitive to the semantic information associated with the novel words, thus making proportionately more semantic errors. Because bilinguals in this study demonstrated better vocabulary learning than monolinguals, the differences between the two groups in error patterns may reflect this learning differential. The best experimental strategy for dealing with such a possibility would be to conduct a series of follow-up studies where bilinguals and monolinguals are allowed to reach the same criterion in translation accuracy, and only then probe for error rates on tasks that target phonological vs. semantic levels of encoding. In the context of the available data however, there are two ways to examine this possibility.
First, we conducted correlation analyses relating translation accuracy and error rates in the two groups of participants. These analyses revealed that for the monolinguals, the only significant relationship was observed between immediate translation accuracy and proportion of surface errors at immediate testing (r = 0.59, p < .05). For the bilinguals, a similar relationship was found between immediate translation accuracy and proportion of surface errors at immediate testing (r = 0.54, p < .05). However, there was also a relationship observed between delayed translation accuracy and proportion of deep errors (r = 0.60, p < .05). Although these findings cannot be readily used to separate the effects of bilingualism from the effects of learning ability on error data, they do indicate that superior vocabulary learning in the bilingual group (at least as indexed by the ability to retrieve English translations long term) may in fact be linked to the semantically grounded learning mechanism.
Second, we conducted analyses on sub-groups of monolinguals and bilinguals who were matched one-by-one on their translation accuracy at immediate testing. The matching procedure yielded 11 participants per group whose immediate translation accuracy was equivalent (M monolingual = .35, SD = .17; M bilingual = .34, SD = .17), t (20) = .10, p = .92. The two groups also did not differ in their delayed translation accuracy, t (20) = 1.21, p = .24. We then used non-parametric Mann-Whitney Utests to examine whether these two matched groups of participants would demonstrate distinct error patterns. We found that the groups did not differ in the proportions of surface errors at the immediate testing, p = .70. However, the groups did differ significantly in the proportion of deep errors at the immediate testing, p < .05, with bilinguals producing a larger proportion of deep semantic errors (M = .04, SD = .02) than monolinguals (M = .02, SD = .03). The groups did not differ significantly in the error data at delayed testing (p > 0.5 for both surface and deep errors), although there was a trend for bilinguals to produce a larger proportion of deep semantic errors (M = .23, SD = .15) than monolinguals (M = .16, SD = .11). These results should be interpreted conservatively, given the small sample sizes and the post hoc nature of the analyses. Nevertheless, they provide evidence that the error patterns do in fact differentiate bilinguals and monolinguals with comparable levels of vocabulary learning performance.
In conclusion, this study suggests that bilingual and monolingual learners may differ in their ability to encode new vocabulary items. Although bilinguals generally translated the newly learned words into English with higher accuracy than monolinguals, they also made proportionately more deep semantic errors at immediate testing than monolinguals. The possible mechanisms behind the different error patterns observed for the two groups may be related to bilinguals' greater overall languagelearning experience, as well as their greater experience with lexical ambiguity. Although future studies would be necessary to delineate the precise relationship between learning performance and error type, our follow-up analyses indicate that bilingualism rather than superior learning was at the core of the distinct error patterns in the bilingual vs. the monolingual group. We therefore conclude that the mechanisms behind the bilingual advantages for novel word learning are rooted in bilinguals' greater sensitivity to the semantic information associated with the novel words, and in the faster consolidation process whereby the novel words are integrated into the existing semantic network.
